Colorectal cancer (CRC) is the most frequently diagnosed malignancy of the gastrointestinal tract. The dysregulation of microRNAs (miRNAs/miRs) has been reported in the majority of types of human cancer, and is correlated with tumorigenesis and tumor development. Abnormal expression of miR-663 has been observed in various types of human cancer. However, little is known about its role in CRC. Therefore, the aim of the present study was to clarify the expression and potential role of miR-663, and its underlying molecular mechanism in CRC. It was observed that miR-663 was markedly downregulated in CRC tissues and cell lines. Decreased miR-663 expression levels in CRC tissues were correlated with tumor, node, metastasis stage and lymph node metastasis. Functional assays revealed that upregulation of miR-663 inhibited cell proliferation and invasion in CRC. Further molecular mechanism assays demonstrated the fascin (FSCN1) was a target gene of miR-663. In addition, FSCN1 was increased and negatively correlated with miR-663 expression in CRC tissues. FSCN1 underexpression mimicked the tumor suppressive functions induced by miR-663 overexpression on CRC cell proliferation and invasion. Collectively, the present study presented evidence that miR-663 may act as a tumor suppressor in CRC by directly targeting FSCN1, which may lead to a potential therapeutic strategy focusing on miR-663 and FSCN1 for patients with this disease.
Introduction
Colorectal cancer (CRC) originates from the epithelial cells of the colon or rectum, and is the most frequently diagnosed malignancy of the gastrointestinal tract (1, 2) . Numerous risk factors involved in CRC initiation and progression have been identified, including older age, hereditary components, obesity, excess alcohol and red meat consumption, smoking and a lack of physical exercise (3) (4) (5) (6) . Despite rapid development in the variety of treatment methods and approaches that have been used for patients with CRC, including surgical resection, radiotherapy and chemotherapy, the overall survival of patients with CRC has not notably changed (7) . A total of ~30-50% of patients with CRC develop local tumor recurrence or distant metastasis following surgical resection (8, 9) . Therefore, it is important to elucidate the mechanisms underlying the initiation and progression of CRC, and to investigate novel therapeutic strategies for patients with CRC.
MicroRNAs (miRNAs/miRs) are an abundant group of endogenous, non-coding and evolutionarily-conserved RNAs consisting of 17 to 23 nucleotides in length (10) . miRNAs posttranscriptionally regulate gene expression by directly binding to the complementary sequences in the 3'untranslated regions (3'UTRs) of their target genes and inducing gene degradation and/or mRNA translation inhibition (11, 12) . Previous studies have demonstrated that miRNAs are involved in a number of cancer-associated biological processes, including cell proliferation, apoptosis, the cell cycle, invasion, migration and metastasis (13) (14) (15) . Notably, miRNA dysregulation has been reported in the majority of types of human cancer, including bladder cancer (16) , prostate cancer (17) , glioma (18) , gastric cancer (19) and osteosarcoma (20) . Previous studies have revealed that abnormally expressed miRNAs may be correlated with tumorigenesis and tumor development (21, 22) . Therefore, miRNAs may be developed as therapeutic targets for novel treatment strategies against CRC.
In the present study, the miR-663 expression level and its association with clinicopathological factors in CRC was investigated. In addition, the biological roles and underlying mechanisms of miR-663 in the carcinogenesis and progression of CRC were evaluated.
China) between August 2012 and May 2014. No patients were treated with systemic or local treatments prior to surgical resection. All tissue samples were frozen in liquid nitrogen immediately and stored at -80˚C. The present study was approved by the Ethical Committee of The Second Affiliated Hospital, Zhejiang University School of Medicine. Informed consent was obtained from all patients.
The 293T cell line, a human normal colon epithelial cell line (FHC), and human CRC cell lines (SW620, SW480, LoVo, HCT116, HT29) were purchased from the American Type Culture Collection (Manassas, VA, USA). Cells were cultured in Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.). All cells were maintained at 37˚C in a humidified environment with 5% CO 2 .
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. Total RNA from tissues and cells was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The concentration of total RNA was determined using a NanoDrop ND-1000 Spectrophotometer (Thermo Fisher Scientific, Inc., Wilmington, DE, USA). Total RNA was used to synthesize cDNA using a PrimeScript RT kit (Takara Bio, Inc., Otsu, Japan). A SYBR PrimeScript miRNA RT-qPCR kit (Takara Bio, Inc.) was used to analyze miR-663 expression, with U6 as an internal control. The thermocycling conditions were as follows: 42˚C for 5 min; 95˚C for 10 sec, followed by 40 cycles of 95˚C for 5 sec, 55˚C for 30 sec and 72˚C for 30 sec. Relative levels of fascin (FSCN1) mRNA were examined using SYBR Green PCR Master Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.), with GADPH as an internal control. The thermocycling conditions were as follows: 95˚C for 10 min; followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. The primers were designed as follows: miR-663 forward, 5'-TGC GGA GGC GGG GCG CCG CGG G-3' and reverse, 5'-CCA GTG CAG GGT CCG AGG T-3'; U6 forward, 5'-GCT TCG GCA GCA CAT ATA CTA AAA T-3' and reverse, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'; FSCN1 forward, 5'-CTG GCT ACA CGC TGG AGT TC-3' and reverse 5'-CTG AGT CCC CTG CTG TCT CCT -3'; and GAPDH forward, 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3' and reverse 5'-AGC CTT CTC CAT GGT GGT GAA GAC -3'. The relative expression was analyzed using the 2 -ΔΔCq method (23) .
miRNA mimics and small interfering (si)RNA transfection.
Oligonucleotides of human miR-663 mimics and miRNA negative control (miR-NC) were synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, China). The miR-663 mimics sequence was 5'-AGG CGG GGC GCC GCG GGA CCG C-3' and the miR-NC sequence was 5'-UUC UCC GAA CGU GUC ACG UTT -3'. FSCN1 siRNA and negative control siRNA (NC siRNA) were obtained from Guangzhou RiboBio Co., Ltd. (Guangzhou, China). The FSCN1 siRNA sequence was 5'-AGC CCT GGG CGT GTA GTG TAA-3' and the NC siRNA sequence was 5'-UUC UCC GAA CGU GUC ACG UTT-3'. Cells were transfected with miRNA mimics (100 pmol) or siRNA (100 pmol) using Lipofectamine 2000 (Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Following transfection for 48 h, RT-qPCR was used to examine the transfection efficiency, according to the same protocol described above.
Cell Counting Kit-8 (CCK8) assay. Cell proliferation was assessed using a CCK8 assay (Dojindo Molecular Technologies, Inc., Kumamoto, Japan). The transfected cells were collected and seeded in 96-well plates in triplicate, at a density of 3,000 cells/well. Cells were incubated at 37˚C in a humidified environment with 5% CO 2 . The CCK8 assay was performed at 24, 48, 72 and 96 h. A total of 10 µl CCK8 solution was added to each well and, following 4 h of incubation at 37˚C, the absorbance at 450 nm was determined using a microplate reader (Bio-Rad 550; Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Transwell invasion assay. Cell invasion was assessed using 24-well, 8-mm pore size BD Matrigel invasion chambers (BD Biosciences, Franklin Lakes, NJ, USA), according to the manufacturer's protocol. Transfected cells were collected and re-suspended in FBS-free culture medium. Subsequently, 1x10 5 cells were plated in the upper chamber and the lower chamber was filled with culture medium containing 20% FBS. Following incubation for 48 h, non-invaded cells were removed using cotton swabs. Invaded cells were fixed with 95% methanol at room temperature for 10 min and stained with 0.5% crystal violet at room temperature for 10 min. Cells in five random fields were photographed and counted under an inverted microscope (magnification, x200; X71; Olympus Corporation, Tokyo, Japan), and data are expressed as the average number of invaded cells/field of view.
Target gene prediction. TargetScan (www.targetscan. org/vert_60) and PicTar (pictar.mdc-berlin.de) were used to predict potential target genes of miR-663.
Luciferase reporter assay. The wild-type (Wt) and mutant (Mut) 3'UTR of FSCN1 was synthesized and subcloned into the pMIR-reporter (GenePharma, Shanghai, China). 293T cells were seeded in 24-well plates in triplicate at a density of 1.5x10 5 cells/well. Following incubation overnight, cells were co-transfected with pMIR-FSCN1-3'UTR Wt or pMIR-FSCN1-3'UTR Mut with miR-663 mimics or miR-NC, using Lipofectamine 2000, according to the manufacturer's protocol. Cells were harvested at 48 h post-transfection and subjected to a Dual-Luciferase Reporter Assay System (Promega Corporation, Madison, WI, USA). The results were normalized by comparing with Renilla luciferase activity.
Western blot analysis. Total protein was extracted from cells using radioimmunoprecipitation assay buffer (Thermo Fisher Scientific, Inc.) supplemented with phenylmethanesulfonyl fluoride and a cocktail of protease inhibitors (Beyotime Institute of Biotechnology, Haimen, China). The total protein concentration was detected using the bicinchoninic acid method (Beyotime Institute of Biotechnology). Equal quantities of protein (30 µg) were separated using SDS-PAGE on a 10% gel, transferred to a polyvinylidene fluoride membrane (EMD Millipore, Billerica, MA, USA) and blocked with TBS containing 0.1% Tween-20 (TBST) and 5% non-fat dried milk at room temperature for 2 h. Subsequently, the membranes were incubated with mouse anti-human monoclonal FSCN1 antibody (1:1,000 dilution; cat. no. sc-21743; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and mouse anti-human monoclonal GADPH antibody (1:1,000 dilution; cat. no. sc-137179; Santa Cruz Biotechnology, Inc.), at 4˚C overnight.
Following washing three times with TBST every 10 min, membranes were further probed with goat anti-mouse horseradish peroxidase-conjugated secondary antibody (1:2,000 dilution; cat. no. sc-2005; Santa Cruz Biotechnology, Inc.) at room temperature for 1 h and washed with TBST three times for 10 min. The protein expression level was measured using Enhanced Chemiluminescence Prime Western Blotting Detection Reagent (GE Healthcare Life Sciences, Little Chalfont, UK). GAPDH was used as a reference.
Statistical analysis. All the data are expressed as mean ± standard deviation. Data were analyzed using Student's t-tests or one-way analysis of variance (ANOVA) using SPSS 17 software (SPSS Inc., Chicago, IL, USA). A Student-Newman-Keuls test was used as a post hoc test following the ANOVA. P<0.05 was considered to indicate a statistically significant difference.
Results

Down-regulation of miR-663 correlates with clinicopathological features of human CRC.
In order to elucidate miR-663 expression in CRC, its expression was measured in CRC tissues and corresponding adjacent normal tissues using RT-qPCR analysis. As presented in Fig. 1A , miR-663 expression levels were decreased in CRC tissues compared with adjacent normal tissues (P<0.05). miR-663 expression was additionally determined in CRC cell lines and a human normal colon epithelium cell line (FHC). As presented in Fig. 1B , miR-663 expression in CRC cell lines was decreased compared with that in the FHC cell line (P<0.05). Subsequently, the association between miR-663 expression and clinicopathological features in patients with CRC was analyzed. As presented in Table I , decreased miR-663 expression in CRC tissues was significantly correlated with tumor, node, metastasis (TNM) stage (P=0.005) and lymph node metastasis (P=0.027), while there was no correlation with gender, age and tumor size. The results of the present study suggested that miR-663 may serve important roles in CRC.
miR-663 expression
----------------------------------------------------- Clinicopathological
miR-663 suppresses cell proliferation and invasion in CRC.
In order to evaluate the functions of miR-663 in CRC, SW480 and HCT116 cells were transfected with miR-663 mimics or miR-NC. Following transfection for 48 h, RT-qPCR analysis confirmed that miR-663 expression was significantly increased in SW480 and HCT116 cells transfected with miR-663 mimics ( Fig. 2A; P<0 .05).
CCK8 and Transwell invasion assay were used to assess the effects of miR-663 overexpression on the cell proliferation and invasiveness of CRC, respectively. As presented in Fig. 2B , the proliferation of SW480 and HCT116 cells was significantly decreased by miR-663 overexpression (P<0.05). The results of the Transwell invasion assay demonstrated that invasive capacity was significantly limited in SW480 and HCT116 cells transfected with miR-663 mimics compared with cells transfected with miR-NC ( Fig. 2C; P<0.05 ).
FSCN1 is a direct target of miR-663. In order to examine the potential molecular mechanisms underlying the role of miR-663 in the regulation of cell proliferation and invasion in CRC, TargetScan and PicTar were used to predicate its potential target genes. As presented in Fig. 3A , there are seven conserved binding sites for miR-663 in the 3'UTR region of FSCN1.
A luciferase reporter assay was subsequently performed in 293T cells co-transfected with miR-663 mimics or miR-NC, and pMIR-FSCN1-3'UTR Wt or pMIR-FSCN1-3'UTR Mut. As presented in Fig. 3B , upregulation of miR-663 decreased the luciferase activity of pMIR-FSCN1-3'UTR Wt (P<0.05), although not pMIR-FSCN1-3'UTR Mut, indicating that miR-663 specifically targeted the 3'UTR of FSCN1.
FSCN1 is upregulated in CRC tissues and inversely correlates
with miR-663 levels in CRC tissues. In order to further confirm that FSCN1 is a direct target of miR-663, the FSCN1 expression levels were detected in CRC tissues and corresponding adjacent normal tissues. The results demonstrated that FSCN1 was expressed at high levels in CRC tissues compared with adjacent normal tissues ( Fig. 4A; P<0 .05) and was negatively correlated with miR-663 expression levels in CRC tissues ( Fig. 4B ; r=-0.5693; P<0.001).
miR-663 negatively regulates FSCN1 expression in CRC cells.
RT-qPCR and western blot analyses were used to examine the alterations in endogenous FSCN1 mRNA and protein expression in SW480 and HCT116 cells, following transfection with miR-663 mimics or miR-NC. As presented in Fig. 5A and B, compared with miR-NC, restoration of the expression of miR-663 reduced FSCN1 expression in SW480 and HCT116 cells at the mRNA and protein levels (P<0.05). The results of the present study suggested that miR-663 negatively regulated FSCN1 expression in CRC cells by directly targeting the 3'UTR of FSCN1.
FSCN1 underexpression simulates the tumor suppressor function of miR-663 mimics in CRC cells.
As FSCN1 is a direct target of miR-663 in CRC, the biological role of FSCN1 in the cell proliferation and invasiveness of CRC was investigated. FSCN1 siRNA was transfected into SW480 and HCT116 cells to decrease its expression ( Fig. 6A ). Subsequently, CCK8 and Transwell invasion assays were performed. As presented in Fig. 6B and C, FSCN1 underexpression suppressed the proliferation (P<0.05) and invasion (P<0.05) of SW480 and HCT116 cells, which was consistent with the effects of miR-663 mimics. The results of the present study suggested that the tumor-suppressive role of miR-663 is mediated via downregulation of FSCN1 in CRC.
Discussion
miR-663 has been observed to be aberrantly expressed in numerous types of human cancer. For example, in glioblastoma, miR-663 expression was inhibited in tumor tissues and cell lines (24) and it was demonstrated to be a poor prognostic marker in patients with glioblastoma (25) . In pancreatic cancer, the expression level of miR-663 was decreased and was significantly correlated with TNM stage and the lymph node metastasis status of patients (26) . Pan et al (27) demonstrated that miR-663 expression was decreased in gastric cancer cell lines compared with normal cells. In papillary thyroid carcinoma, miR-663 was downregulated in tumor tissues and cell lines; in addition, there was statistically significant differences in the expression level of miR-663 with regard to age and tumor size (28) . However, in castration-resistant prostate cancer, miR-663 was demonstrated to be overexpressed; increased miR-663 expression was associated with Gleason score and TNM stage, and was an independent prognostic predictor of clinical recurrence (29) . Previous studies additionally demonstrated that miR-663 was increased in nasopharyngeal carcinoma tissues (30) , lung cancer (31), breast cancer (32) and hepatocellular carcinoma (33) .
miR-663 may act as either a tumor suppressor or promoter in human malignancies. Li et al (24) reported that enforced miR-663 expression attenuated cell proliferation, migration and invasion of glioblastoma through downregulation of transforming growth factor (TGF)-β1. Shi et al (25, 34) demonstrated that ectopic miR-663 expression decreased the proliferative and invasive capacities of glioblastoma cells by targeting C-X-C chemokine receptor type 4 and phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit delta isoform. In vitro and in vivo experiments demonstrated that restoration of the expression of miR-663 inhibited cell proliferation and invasion in pancreatic cancer via inhibition of elongation factor 1-α2 (26) . A study by Wang et al (28) demonstrated that miR-663 overexpression decreased papillary thyroid carcinoma cell migration and invasion by directly targeting TGF-β1. miR-663 was additionally identified to be an oncogene in a number of types of human cancer. For example, in nasopharyngeal carcinoma, downregulation of miR-663 suppressed cell proliferation in vitro and tumor growth in vivo through negative regulation of cyclin-dependent kinase inhibitor 1 (30) . In hepatocellular carcinoma, miR-663 underexpression impaired cell proliferation and promoted apoptosis under endoplasmic reticulum stress by targeting TGF-β1 (33). These conflicting findings indicated that the expression and functions of miR-663 in tumors are diverse and tissue-specific.
The present study used multi-dimensional approaches to demonstrate that FSCN1 is a direct downstream target of miR-663. Bioinformatics analysis indicated that FSCN1 was a potential target gene of miR-663. Through the luciferase reporter assay, it was observed that the 3'UTR of FSCN1 was directly targeted by miR-663. It was additionally demonstrated that FSCN1 was significantly upregulated in clinical CRC tissues and was inversely correlated with the miR-663 expression level. Ectopic miR-663 expression decreased endogenous FSCN1 expression at the mRNA and protein level in CRC cells. Additionally, siRNA was used to specifically knock down FSCN1 in CRC cells, demonstrated that it was able to simulate the tumor suppressor functions induced by miR-663 overexpression in the cell proliferation and invasion of CRC. The results of the present study demonstrated that miR-663 may act as a tumor suppressor in CRC by directly targeting FSCN1.
FSCN1, a 55-kDa globular protein, is an actin-bundling protein and is well-established as an integral component of invadopodia, which stabilize actin bundles in invasive foot structures (35) . A number of previous studies have reported that FSCN1 is overexpressed in human cancer, including prostate cancer (36) , lung cancer (37), breast cancer (38) , gastric carcinoma (39), esophageal cancer (40) and pancreatic cancer (41) . Increased FSCN1 expression was correlated with aggressive clinical course, poor prognosis and shorter survival for patients with these types of cancer. FSCN1 has been observed to be upregulated in human CRC. An increased expression level of FSCN1 was significantly associated with reduced overall survival and reduced disease-free survival; patients with CRC exhibiting increased FSCN1 levels had worse overall survival and disease-free survival compared with patients with low FSCN1 (42) . FSCN1 expression in CRC may be clinically useful for predicting metastasis and poor survival (43) . With the emerging correlation of FSCN1 with aggressive CRC progression, FSCN1 may be developed as a therapeutic target for patients with this disease. The results of the present study demonstrated that miR-663/FSCN1 based reagents may be a novel therapeutic approach for CRC patients.
In conclusion, the present study confirmed that miR-663 acted as a tumor suppressor gene by inhibiting CRC cell growth and invasion, via direct targeting of FSCN1. The results of the present study provided novel evidence for the potential utility of a miR-663/FSCN1-based targeted therapy in the treatment of CRC.
